ABSTRACT The salient features of this method for biological monitoring of occupational exposure to organophosphorus insecticides are: (a) acetylcholinesterase (AChE) and butyrylcholinesterase (BuChE) are determined separately in whole haemolysed blood using specific substrates at appropriate concentrations; (b) 20 IlI of blood drawn from the finger tip is sufficient for both determinations; (c) the blood sample is immediately diluted with a solution of saponin and may thereafter be frozen for storage; (d) diagnostic kits, commercially available for the determination of plasma BuChE, may be employed with modifications; (e) the kinetic procedure is avoided by blocking the enzyme reactions at the end of the incubation period. This paper describes attempts to achieve optimal conditions for the two reactions. Under the conditions finally chosen, the whole blood 'AChE' activity value still includes a small percentage of plasma BuChE activity (12.5 % of the total), while the whole blood 'BuChE' activity includes a small percentage of erythrocyte AChE activity (7 % of the total). Results of determinations performed with this procedure on 172 healthy subjects are reported.
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For the biological monitoring of those occupationally exposed to organophosphorus (OP) insecticides, determination of both erythrocyte acetylcholinesterase (AChE) (EC 3.1.1.7.) and plasma butyrylcholinesterase (BuChE) (EC 3.1.1.8.) is recommended (World Health Organization, 1973; Zavon, 1976) . These assays sometimes must be performed routinely in small outlying laboratories. Methods are therefore called for which combine sensitivity and reliability with a minimal need for equipment. In large central laboratories, methods are preferred which lend themselves to automation and minimise the sources of error inherent in the preparation and shipment of the samples. Our new procedure meets these requirements and is based on the spectrophotometric method of Ellman et al. (1961) , currently considered by most authors to be the method of choice. Erythrocytes and plasma preferably should be separated before transport (Zavon, 1976) (Silver, 1974) Fig. 5 ) is characteristically S-shaped, and accounts for only a small percentage of the whole blood Fig. 4 Hydrolytic activity as a function of whole blood concentration (I,l/3 ml reagent), using 2-0 mM BuTCh as substrate. Activity is expressed as in Fig. 3 .
hydrolytic activity. This percentage is approximately 12-5 % with 0 5 mM ATCh. For the purpose of the procedure presented in this paper we will neglect this small percentage of BuChE, and the term 'AChE' will be used to designate the hydrolytic activity of whole blood tested under the conditions mentioned, which are taken as standard.
When whole blood was incubated with BuTCh under our experimental conditions, the activity/ substrate concentration curve was S-shaped (Fig. 6) . With this substrate BuChE activity is preferentially determined, rather than AChE. The activity attributable to the erythrocytes (washed preparation) accounts for only a small percentage of the whole blood hydrolytic activity. This percentage is around 7% with 2-0 mM BuTCh. Once again, for the purpose of the procedure devised in the experiments described here, we will neglect this small percentage of AChE activity and will use the term 'BuChE' to designate the hydrolytic activity of whole blood tested under the conditions discussed. sought in order to avoid the time-consuming kinetic method.
Eserine Figure 7 shows the effects of the addition of various concentrations of eserine on the enzyme reactions taking place under the conditions chosen as described above, namely, for 'AChE', 1 ,ul of whole blood/3 ml reagent and 0 5 mM ATCh as substrate; for 'BuChE' 2,u1 of whole blood/3 ml reagent and 2-0 mM BuTCh as substrate (at 25°C as usual). While 'AChE' is 100% inhibited by 0-01 mM eserine, 'BuChE' is 100% inhibited by 0 3 mM but not completely inhibited by 0-1 mM eserine.
Sodium dodecylsulphate Figure 8 shows For haemolysis, a saponin solution of 1-0 g/l in 51 mM NaCl is used. The reagent is 0 25 mM DTNB in 0 5 mM phosphate buffer pH 7-2 (for AChE) or 7.7 (for BuChE); this is the unmodified solution 1 of the commercial kits. The substrates are 156 mM ATCh (solution 2 of the corresponding commercial kit); 310 mM BuTCh (solution 2 of the corresponding commercial kit, but dissolved in 2-1 ml instead of in 3*0 ml). The solution to stop the reaction is 0 433 M SDS (125 g/l) or 18-2 mM eserine salicylate (7 5 mg/ml).
A 20 ,ul sample of blood is drawn up with a clean dry pipette from a pricked finger tip and immediately mixed with 1-0 ml of the haemolysing solution (dilution 1:51). After one hour (to allow for complete clearing) the solution may be frozen for storage. Before the assay the haemolysates are thawed and thoroughly shaken in order to ensure homogenisation.
Determination of 'AChE' For each haemolysate a set of three test tubes, each containing 3 ml of DTNB reagent, is placed in a water bath at 25°C (other temperatures may be used if more convenient). Three 50 /l aliquots of the same haemolysate are added to each set of test tubes, and this procedure is repeated for each haemolysate. An additional set of three test tubes, each containing 3 ml of reagent, is incubated without the addition Table 2 shows the pooled data with the confidence limits. The distribution of the pooled data is shown by the histograms in Fig. 9 . 
Discussion
The thiocholine/DTNB colorimetric method, originally proposed by Ellman et al. (1961) for the determination of erythrocyte and tissue AChE, has been modified by several authors for the determination of plasma cholinesterase (Weber, 1966; Voss and Schuler, 1967; Wilhelm, 1968; Szasz, 1968) . Others have adapted the method for the routine determination of erythrocyte AChE (Sirchia et al., 1970) or of both the plasma and the erythrocyte enzymes (Humiston and Wright, 1967; Voss and Sachsse, 1970) . All of these methods entail the separation of plasma from erythrocytes by centrifugation, a step which, besides being time-consuming, is also a considerable source of error. The procedure proposed in this paper avoids this step and provides a measure of the activity of the two enzymes in whole blood through the use of specific substrates at appropriate concentrations. The whole blood 'AChE' activity value includes also a small percentage of plasma BuChE activity accounting for 12-5 % of the total; the whole blood 'BuChE' activity includes also a small percentage of erythrocyte AChE activity accounting for 7% of the total. For the biological monitoring of large numbers of people exposed to organophosphorus compounds this drawback may be acceptable in view of the considerable increase in convenience and speed. Easy adaptability of diagnostic kits and avoidance of the kinetic method by blocking the enzyme reactions, are other advantages of the proposed procedure, which also lends itself to automation. 
